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The Crystal Structure of 2,2-Bis(Trimethylsilylamino)
tetrachlorocyclotriphosphazene, NBPBCIA(NHSiMeB)2 :

C.W. Allen* and D.E. Brown

Department of Chemistry N

University of vermont "

Burlington, VT 05405 ]
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A.W. Cordes™ and S.L. Craig R
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‘ Abstract. P3NgS1,C.Cl Hpg,1 ,M. = 453.2, monoclinic, c2/c, a =" e ) iﬂ
13.749(6), b = 7.343(3), ¢ = 20.124(3)4, 8 = 95.24(3)°, v = 2023(2)F°, C

3

Z =6, 0= 1.49 g cn>, A(MK_) = 0.71073R, u = 9.4 em™t, F(000) = -

)

928, T = 293 K, R = 0.049 for 961Minique observed reflections. The 2

«
phosphazene ring lies on a crystallographic 2-fold axis and is planer .

within 0.031(5J%. The exo P-N bond distance is 1.603(5) and the Si-N "]

o

bornd distance is 1.757(5)X which suggests preferentizl nitrogen lone o

Y

pair delocalization to the phosphorus atom. P-N distances in the ring q

alternate (from the P with the exg N atoms) from 1.617(5) to 1.551(5) A

~ | Wiglt:r;: 3T 4

to 1.591(a5£? The structural and \>iF"nmr parameters of ~

al ~ .~ : - LY » - R “"r.

2,2-N3P3C14(NHS;M53)2 are comdared to the analogous tert-butylamino o F"L—ﬁ‘
derivative. ~ . o (o Cuclori oo glan o ] <

J Y o ;AI"A;'#’\‘ ”_Ll“L /"1 ‘ 4.‘.71.-&_4’

* Supplemantary data available (No. , PP ); H-atom coordinates, : b
anisotropic thermal parameters. See instruction for Authors, J. e ¢
Chem. Soc., Dalton Trans., 1986, Issue 1, pp. xvii - xx. B . E?
tructure factors are avalilable from the editorial office. RS -3
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The w-donor interaction of exocyclic substituents with phosphorus
centers in cyclophosphazenes is a topic of continuing interest and

controversy. Spectroscopic evidence indicates that aryl r-donation is

1 or low2 while in substituents containing lone pairs of

314 and aminesb'é, the m donor effect is

non-existent
electrons such as carbanions
believed to be significant. In the most widely studied systems, the
aminophosphazenes, the exocyclic nitrogen atoms is in a trigonsl pla-
nar environment and the exocyclic phosohcrus-nitrogen bonds are signi-
ficantly shorter than the expected single bond distance.s’6 The
exceptions to these generalizations zre the aziridinme derivatives
where the amine is tetragonal and the exocyclic phosphorus-nitrogen
distances are longer than those found in other systems.7 In this
paper, we examine the effect of placing another second row acceptor

center on the exocyclic nitrogen atom in 2,2- =N3P5Cl, (NHSE iMe5)5 and

8 of th

(4

compare the results with the previously reported structurs

carbon analog, 2,2-N °3C14(NH"M,3)2

Experimental
Materials and Methods. Hexachlorocvelotriphosphazene (Shin Nisso

Kako) was converted to 2,2- -N4P ,L1A(NHSiM93] 9”) and

- 8,12 - - — - - ;
2,2-N3P3C14[NHVM33)2 *22(2) by previously repor:ed procedurss. The

P NMR sgectra (in COCl;) were recorded on & 2ruker WMISD spectire-
meter operating at 101.2 MHz and using £5% & DOA as an externzl
reference, The spoctr were recorded under conditions of brosd tand .

decounling and chemical shifts upfield of the reference are assigred a
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X-ray Analysis of “3P3C14(NH51M83)2‘ Crystals suitadle fcr Xx-ray

were obtained from CCl4 solution. A colorless platelet cf approximate
dimensions 0.02 x 0.40 x 0.46 mm, mounted on a glass fider was useg
for data collection on an Ennaf-Nonius CAD-4 ciffrastometer using
variable speed (3 to 17 deg/min) w-2e scans. Dm was not measurec.
The unit cell was determined from a least-squares rit of the angle
data for 25 reflections with 18° < 2¢ < 22°, The analytical absorp-
tion correction!” based on crystal shape varied from 0.68 to ..00.
Dzta was collected to sin e/A'of 0.60 - 6 < h < C, -8 < k <0,

-23 £ 1 < 23, The data was collected in two shells. Three standard
reflections (-6 0 4, -3-3-3,-1-1 9) decayed 32% over 16.2 hours of
data collection; anisotropic correction was applied. 2304 reflections
were measured, 1775 unique (R;., = 0.02), 814 reflections with

I < 30 (1) were considered unobserved. The structure was solved by
direct methods (Multan 1962)13 and refined by full-matrix least-
squares minimized Ew(AF).2 M2thyl hydrogen atom orientations wers
determined on difference maps and methyl hydrogen ztoms were
constrained to idealized (C-H = 0.954) positions with isotlrenic B =
1.2 x 8 of the bonded carbon atom. The nycrogen atom 00 NItrogen was
located on a difference map and was refinsd with a constrzined Isotiro-
pic thermal parameter. ALl non-hydrogen atoms were refined anisctro-
pically Tor a totzl of 92 variables. Tne Fi-zl refinemant with

2/ ma s . , -
N3n-20isson wo+ = (o°(I) + 0.033% 12) /672, Fimzl (£7) mex < 0.07,

"

8 3x=0.40(€) and 4° = -0.40(6) e f° 57 tme firgl differenze mao.

min
The atomic scattering fazztors and anomzlous Clsperslion corrections zre

2r X-ray CIvSizllOoTIzdNy 116745+ and

from the Internaztiorz]l Tables

. - el e - . e -
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the programs used those of the Enraf (1982) SOP package.15
Results and Discussion

The crystal and molecular structures of 1 were ceterminec in order
to ascertain the effect of the replacement of a carbon atom by a sili-
con atom on the exocyclic nitrogen atom in an aminocyclotriphospha-
zene. The final atomic coordinates of all unique atoms are given in
Table I. Selected bond lengths and bond angles may be found in Tabhle
II and an ORTEP drawing, toge;her with atom-numbering scheme, is snown
in Figure 1. The observed molecular structure of 1 confirms the
geminal configuration of the trimethylsilylamino groups which was pre-
viously predicted on a chemical basisg, based on the known geminal

10

configuration of N3P3C14(NH , the chemical precursor to 1. In a

A)Z
comparison of the structure of 1 with its tert-butylamino analog,

2,8 a striking similarity of structural parameters with some subtle
differences is noted. In the structure of 2, a well developed
hydrogen-bond network exists between an exocyclic amino hycrogen atom
and an endocyclic nitrogen atom. This cives rise to two Cifferant
orientations of the tert-butylamino groups. In 1, both of the tri-
methylsilylamino croups are in the same configurztion and tne closest
intermolecular contacts are between the exocyclic amino nitrogen atom
and N(1) of the next molecule along a two fold axis. The observed

A £

N(3) ---- N(1) distance is 2.344 placing it at the auter limit of N-H

«++« N hydrogen-honds (2.8 to 3.&3). HyZrogen-00nging arrays ¢f tnls
- i . : . D o
vype have Deen o2served In other cveolophciphazens Jerivatives, The

N33 703 I 1 is planar within 0.031(2)A wnile i 2 the g2y rimg

v
(]
23
v
+
2

exhibits a slight bcat conformation. The exocyelic nitrto2en e

43
[30]
L]
v
[¢3]

2 - - - ? -~ -
l are in the center of a trizonzl -lan V.

A aln Lo e L




The phosphorus-nitroge~ bond lengths ans angles in 1 and 2 &sre
o C g e

nearly identicai. The particular points of interest are the exocyclic

phosphorus-nitrogen bond lengths (1.609(5) in 1 anZ a mean Cistance of

1.609 in 2) and the exocyclic N°N angles (105.9(4) in 1 and 104.1(E),

103.9(6) for the two independent molecules of 2). It has been pro-

posed that there exists a relationship between exocyclic 020 bond

. . . 5 3]
angles and 3lp NMR chemical shifts in cyclophosphazenes.lu The “*P

NMR data for 1 and 2 are civen in Table III and one ingeed finds a

significant chemical shift difference for the =P(N-MMe 1) fM=C,Si) cen-

ters, but any attempted correlation with the exocyclic N°N angle

should be viewed with caution since zll these bgnd angles in 1 and 2

lie within three stand and deviations and hence must be consider=d

statistically indistinguishable.

Tne range of bond lengths in unconstrained silicon-nitrogen

1
fragments is 1.688-1.7595,*7 so the value observed far L (1.757(5))

is e¢mongst the longest of these bonds. A0 analogous situszTlion occurss
in disilylaming centers where one of ihs silicon atoms has silicon-

fluorine bonZs. In these cas2s, the silicon-niirogan bDonl Lo the

fluorinated silicon center Is short and tne remzining silicon-
. . 219 .
nitrozen Hond Is lpmoer,cToe Since tne =xocyclic ohosshorus-rlironen

1 - q ~ & o . ~-~ -~ 2 ~ e M -~ -~

CyZLlIZ MLIT0ZeN L3Ne Dgll OV =.8CiIIns 1S edadlivels in e23zh ceze.,

P - _——- L2 ) bl ) ~— - PO N e -
L.tnough extentel mucxkel calcoulatlions sussotit the transfer of nltrozen
1 -~ . S P & TN A= .t

.0N2 Zgll e 2CUICn IZ2nelly Lo sl.Llzon 2T CiTllals N

: 2 :

1 N VP - -~ 3 N - .:..,..- o A m- o

M2, (Sives),“7 tne sironzly elsciron witnirawing P(V) gemzer In 1l it
~

—-— T e
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I

sity tc the silicon atom. Competition for nitrogen lone eleciron

pairs between phosphorus and acyl centers have also been investigated

2l rough correlation between short silicon-

by structural studies.
nitrogen bond lengths and increased percentage s character has been
noted.l” If this effect were operative in 1, the more electronegative
P(V) would direct more p character to the P(2)--N(3) bond hence
causing an increased s character in the N(3)-Si bond.2? Since a long,
rather than short, silicon-nitrogen bond is observed it appears reaso-
nable to ascribe the variatioms in exocyclic nitrogen lone pair delo-
calization described above as being reasonable for the long
silicon-nitrogen bord length.
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Table I, Pceitinnal Zargmeter:”

Atom X v N T L]

Cl(1) C.0865(1) 0.2865( 7" TRT e

ci(2) 0.2115(1) C.2814(7) LT -
P(1) 0.0822(1) C..Q2607) CLTLTe R <

P(2) 0.000 -0.1423732) SRS

Si -0.5773(2) -2.2755(1) 0.60667 - s
N(1) €.030 0.3280) 0757 .-
N(2) 0.0782(3) -8.0185(7) RIS -,

N(3)
c(l)

-0.0483(4)
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C.0271(6) -C.

c(2) -0.1435(6) -0.020(1) C.5¢E0 74, a7
c(32) -0.1557(6) -0.431(1) CLETEL L At
a Anisotropically refined atoms are given In the form of wre Isziriclc w2 lis-
lent thermazl parametsr defined ?s. (L,2) = (oow2’i.0) =~ 2I=2 2.0 -
c2*3(3,3) + ac{ces beta)*3(1,3)); ztoms markeZ witn a0 2iTeI.se were reflca “
isotropically. .
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Table II. sunz :;staﬁcesiﬁf anZ angles [(oe3) for 2,2—N3° C1, (NHSiMe,)
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D =L L DA c(2) Si c(3) 110.4(4)
" Do o NS ={1) N(L) P(L)e 117.4(¢)

Nl = TS =01 N(2) o(2) 125.0(3)

!
t
V]

oo .- S e 202) N(3) si 130.7(3)

N(3) H{10) 115, (5)

T g STeTTTe o er TTe =it lToter €13nIzIC Coevistisns In the le2zst signi-
.'1
R
- Rl
- - T
-‘-‘
|

]
O
»

"'
as

!
4




wmmmmwa hia AN AVa al, Ak,

Table III. Selected 31P NMR data for compounds 1 and 2.

a a 2 b
Compound G'P(NHMMeB) 6PC12 Jep
1 9.4 22.1 50.9

2 2.3 19.6 44.7
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Figure. Vview of N3P5C1, [N—fSi(CHB)s]Z with the atomic numbering scheme.
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